As forecasted by the International Energy Agency Energy Technology Perspectives baseline scenario, the largest increment in LDV (light-duty vehicles) stock, travel demand and transport sector energy consumption will take place in the developing world. In the developing countries where the import of used vehicles is allowed, a considerable portion of the LDV stock increment will be realized with used vehicles.
Introduction
In the last two decades climate change has been among the main problems faced daily by humanity. According to the projections from the latest report of the IPCC (Intergovernmental Panel on Climate Change) [1] , the global surface temperature will probably rise a further 1.1e6.4 C during the twenty-first century. In response, many countries have employed scientific approaches in developing their policies and strategies to reduce GHG (greenhouse gas) emissions (e.g., [2e5] ). In many cases the GHG emissions reduction analyses have targeted specific sectors (e.g., [6e8]), including transport sector (e.g., [9] ).
Specifically for the transport sector, reducing GHG emissions while meeting the transport sector energy needs, will require focusing on a combination of low carbon alternative fuels, advanced vehicle technologies, and behavioural change from consumers e a robust approach for meeting long-term targets while minimizing environmental and economic costs. For example, in the U.S., it is estimated that achieving GHG emission reductions of 30% below 1990 levels in the year 2050 will end oil imports [10] . An analysis of the Australian road transport GHG emissions [11] has shown that very substantial reductions in fuel carbon intensity are vital to achieve emissions in 2020 being 20% below 2000 levels and emissions in 2050 being 80% below 2000 levels. Although the full replacement of fossil fuels by biofuels is not deemed to be achievable, modern biofuels have a crucial role to fulfil in helping the long-term limit to growth of GHG emissions and to lead the transition of the current petroleum-based society towards a more sustainable one [12] . Limited by the regional availability of low-cost biomass, biofuels can be important for meeting mild climate policy targets [13] . The results of a recent empirical investigation [14] highlighted the important role played by biofuels in reducing volatility and systematic risk in a fuel mix due to their correlation structure with other fuel technologies. Moreover, in this study, it was shown that CO 2 emission reductions associated with such an efficient diversification can diminish to almost 58% from a 100% fossil fuels scenario. Developments in non-food based or cellulosic (or second generation) biofuels may offer better hope, yet they still compete with food supply through land use and are currently constrained by a number of technical and economic barriers [15] .
In the context of developing countries, the gasoline substitution with bioethanol combined with the introduction of hybrid, flexfuel and fuel cell vehicles was analyzed for Metropolitan Area of Mexico City between 2000 and 2030 [16] . The evolution of the Chinese passenger vehicle fleet between 2010 and 2050 and the effects of downsizing and the penetration of hybrid electric vehicles, plug-in hybrid electric vehicles and battery electric vehicle to reduce energy consumption and GHG emissions, were studied in Ref. [17] . Furthermore, in Ref. [18] , the impact of increasing the content of aluminium on the Chinese automobile fleet was examined, but only internal combustion engine vehicles were considered. In order to illustrate future challenges in developing countries due to the increment of LDV (light-duty vehicles) stock, the passenger car fleet evolution in Colombia from 2010 to 2050 was studied in Ref. [19] , taking internal combustion engine vehicles, battery electric vehicle and fuel cell hybrid electric vehicles as vehicle alternatives. Common to all these studies is their focus on the introduction of advanced vehicles in the LDV fleet and lightweight materials use, not taking into account the increment of the vehicle stock with used vehicles, which, for some of the developing countries is a realistic option due to the governmental policy to allow import of used vehicles.
The main goal of this paper is to adapt the analytical framework for assessment of climate change mitigation potential of transport sector in developing countries, where the fleet is relatively old and expected to increase significantly in the near future with used vehicles. For that purpose the bottom-up GHG costing model (GACMO) is employed, evaluating the appropriate mitigation options in terms of their environmental effectiveness (volume of GHG emissions reduction) and economic effectiveness (specific cost of reduction). The increment of the vehicle fleet with used cars is taken into account by introducing specific assumptions for the mitigation strategy related to vehicle fleet improvement. The model is used to study the mitigation potential of the transport sector in Macedonia. The total achievable emission reduction in 2020 is estimated to 22% of the BAU transport sector emissions and the bulk of it can be realized at relatively high specific costs of around 90 US$/t CO 2 . Furthermore, the results of the participatory prioritization of the mitigation strategies are discussed along with policy recommendations which should contribute towards formulation of wise and well-informed transport sector policies, reflecting also the commitment for climate change mitigation.
Methodology
The basis for a mitigation analysis is a BAU scenario for the GHG emissions from the base year until a "target" year. The forecast of energy consumption in the road transport, as the main determinant of the emissions, is done using the mathematical model described with Eqs. (1) and (2).
where: v˛{light-duty vehicle, goods vehicle, motorbike}, g˛{gasoline, diesel, combination gasolineeLPG (Liquified Petroleum Gas)}, i e year, Q g,i e annual energy consumed from fuel of type g in year i, Q v,g,i e energy consumed by vehicles of type v that use fuel of type g in year i, S i e level of motorization in year i (number of vehicles per 1000 inhabitants), N i e number of inhabitants in year i, p g,i e share of vehicles that use fuel of type g in year i, p v,i e share of vehicles of type v in year i, G g,v,i e fuel efficiency of vehicle of type v, that uses fuel of type g in year i, K g,v,i e annual average km for vehicle of type v, which uses fuel type g in year i, r e conversion factor, fuel tons in toe. The GACMO model [20] is used to evaluate the economic and environmental effectiveness of potential mitigation measures. GACMO is based on the principle of calculating the reduction costs when individual reduction strategies replace high emission technologies under the same comparative basis (Eq. (3)). It aggregates and ranks the average cost of each emission reduction option, and then draws the reduction cost curve. GACMO can be used to rank the cost-effectiveness of various GHG reduction strategies in a transparent way, even when there is no detailed data available.
where The mitigation scenario combines the emissions in the BAU scenario with the reductions in emissions introduced by the various mitigation options being evaluated. For each mitigation option, the technologies/practices that deliver energy/transport services in the BAU option are changed. A mitigation unit of emissions from these new technologies/practices offsets a unit of energy consumed in the BAU scenario. A very important assumption that is made in this regard is that the level of energy/transport service delivered by the BAU option and the mitigation option does not affect the demand for the energy/transport service. In other words, there is no change in the level of energy/transport service demand when the new technology/practice is introduced, e.g., the amount of person-km transported is the same. Here it can sometimes be difficult to draw the borderline between what is changed and what is unchanged. There can also be some welfare changes, e.g., usage of time, health benefits, which are difficult to quantify.
The structure of the mitigation options in the different sectors varies a lot. It is impossible to describe them all in the same standard format. Therefore, a flexible representation is used in GACMO for the selected mitigation options.
3. Case study: Macedonian transport sector
Sector profile
The profile of the national transport sector is compiled based on data provided in the National Energy Strategy [21] and the corresponding annual reports of the State Statistical Office [22] .
The transport sector contributed with 10% in total GHG emissions for the period 1990e2002 and in 2009 contributed with 13% [23] . It has had a considerable share in the national energy balance, 20.2% in 2006 and 25.3% in 2010. The energy consumption per capita in the transport sector amounts 200 toe per 1000 inhabitants, which is more than three times lower than the EU-27 average figure (650 toe per 1000 inhabitants). In the last five years there has been a slight increase, but still Macedonian figures considerably lag behind European ones.
Within the transport sector, the road transport has the highest share in the energy consumption (98%). Gasoline and diesel have had a dominant role in the energy mix (Fig. 1 ). After 2000, there has been a drop in gasoline consumption on one hand, and on the other hand, an increase in diesel consumption. The LPG was introduced after 2000. Most vehicles run on gasoline, followed by diesel vehicles and mix gasolineeLPG vehicles (Fig. 2) . Passenger cars dominate with 90% of all vehicles, the share of buses amounts to around 1%, the share of the goods vehicles decreased from 6. Macedonia has had a very old car fleet. 55% of the passenger cars are older than fifteen years and 71% are older than thirteen years (Fig. 3) . The same problem is with buses and goods vehicles. 62% of the buses, 74% of the goods vehicles and 27% of the special vehicles in 2010 are older than fifteen years.
In general, the old fleet is slowly renewed. It is progressively enlarging, but the increment is mostly through used vehicles.
Business-as-usual development pathway
The annual increase of energy consumption in the transport sector over the period 2010e2020, estimated to 3.6%, is higher than the annual increase of the total energy consumption in the country (3.1%) [21] , as well as much higher than the corresponding figure for developed countries (2% [24] ).
The motorization level in the country follows the "S" curve. In the BAU scenario from the National Strategy for Energy Development from 2010 [21] , a stable economic growth and return of the trend of motorization starting from 2010 is assumed, projecting the motorization level of 260 vehicles per 1000 inhabitants in 2020. Inline with the government policy which permits import of used vehicles in the last couple of years, as well as taking also into account the latest statistical data [22] , the projections for the number of vehicles per 1000 inhabitants were shifted towards higher values at the beginning of the considered period, converging to the projections from the Strategy as the considered period ends.
The projections for the share of vehicles by fuel type were also revised. The latest statistical data show that the number of LPG vehicles is decreasing, so it is assumed that the share of LPG vehicles in 2020 will be the same as in 2010. As for the diesel vehicles, the number in 2011 is higher than the projection in the Strategy, so the necessary adjustment was made. The share of gasoline vehicles follows the projection from the Strategy (Fig. 4) .
Following the trends and statistical data beyond 2010, the Strategy projection of 1.4% annual rate of fuel efficiency improvement was also revised, assuming lower figure of 1.1%. The corresponding projections for fuel economy are given in Table 1 . Accordingly, the consumption of diesel in 2020 will amount 427 ktoe, of gasoline 207 ktoe and of LPG 18 ktoe.
Taking into account these figures the BAU GHG emissions are calculated using the software package GHG protocol [25] . In 2020, GHG emissions would amount 2 Mt CO 2 , which is almost double compared to the emissions from 1990 to 2010 (Fig. 5 ).
Climate change mitigation options
In this study, the potential reduction of GHG emissions of the national transport sector is analyzed through a combination of appropriate measures along the following mitigation strategies:
À improvement of vehicle fleet À introduction of low carbon fuels À improvement of travel behaviour À advancement of vehicle equipment À improvement of driver behaviour.
Improvement of vehicle fleet
In Macedonia, 72% of the vehicles were manufactured before the year 2000 and the number of vehicles is expected to increase significantly in the future. The main assumption of this mitigation strategy is that the owners of vehicles manufactured before 2000 will replace them by 2020. This is inline with the finding that from an energy standpoint, an average vehicle in use in the EU does not justify its change until it is 20 years old [26] . Due to relatively low living standard and the governmental policy to allow import of used vehicles, there has been a practice of buying used vehicles. The considered vehicles categories under this mitigation strategy are as follows: Data for all vehicle categories is shown in Table 2 . The annual fuel cost, annual operation and maintenance costs (registration, insurance, annual service and spares) and level of investment are given in Figs. 6 and 7.
A recent study [40] has shown that the impact of uncertainty on the fleet fuel use and GHG emissions is significant, and needs to be taken into account when analyzing the future of the vehicle fleet to inform more robust policy making, given the real world uncertainties in technology development and market behaviour.
In Macedonian conditions, the underlying issues of the assumptions for the vehicle fleet in the year 2020 are the following:
À the current purchasing trends, which are in favour of diesel cars due to their lower fuel consumption À emerging market of LPG cars as a cheaper option, by technology but also by fuel À the current trend in the country of replacement of old city buses with new buses (public transport company), as well as replacement of old city buses with newer used buses (private sector) À the company buses (used for transport of employers) will be replaced by used buses or their engines will be replaced with better performance diesel engines. The replacement with new buses is not economically viable due to low number of kilometres the company buses pass. 
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Assumptions for the year 2020:
À 45,000 diesel cars will be replaced with new diesel cars. À 60,000 gasoline cars will be replaced with new diesel cars. À 70,000 gasoline cars will be replaced with new gasoline cars. À 5000 gasoline cars will be replaced with hybrid cars. À 20,000 gasoline cars will be replaced with new LPG cars. À 15,000 diesel cars will be replaced with new LPG cars. À 100 city buses will be replaced with new ones. À 350 city buses will be replaced with used buses. À 200 intercity buses will be replaced with used buses. À 250 diesel engines of intercity buses will be replaced with better performance diesel engines. À 300 diesel engines of company buses will be replaced with better performance diesel engines.
Introduction of low carbon fuels
In Macedonian conditions, the introduction of low carbon fuels is also considered among the key strategies for GHG emission reduction. In case of diesel fuel it is implemented with introduction of biodiesel, while in case of gasoline, the biofuel is ethanol. The fuel prices used as input data are shown in Table 3 . As an EU candidate country, inline with the EU Renewables Directive (2009/ 28/EC), Macedonia should reach a 10% share of renewable energy specifically in the transport sector by 2020, which underlies the assumptions for this mitigation strategy.
Assumptions for the year 2020:
À Biodiesel will be introduced in the amount of 10% of total diesel consumption (42.7 ktoe). À Ethanol will be introduced in the amount of 10% of total gasoline consumption (20.7 ktoe).
Improvement of travel behaviour
The considered measures under this mitigation strategy include use of public transport (instead of private cars) and walking or cycling instead of short distance driving.
In the first measure it is assumed that a person daily passes 10 km to and from office, which makes annually 2000 km (200 working days Â 10 km). The total annual costs if a private car is used would amount 544 US$ (280 US$ fuel costs and 264 US$ parking costs). If a public bus is used the total annual costs is 217 US$ (40 tickets for 10 drives Â 5.4 US$) for bus tickets. The annual saving would be 327 US$. If the car is shared by two persons, the annual saving would be 110 US$, the travelled kilometres would amount 2000 (2 persons Â 2000 km/2 car occupancy), against 134 travelled kilometres when public bus is used (2 persons Â 2000 km/30 bus occupancy). Fig. 6 . Annul car costs. Fig. 7 . Annual bus costs.
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In the second measure it is assumed that instead of car for short distance (2 km), the person would walk or use a bicycle. The annual saving is 72 US$ (mainly fuel cost savings). This measure is more applicable in the small cities where people use their car for short distances. The assumed breakthrough rates of these measures in the year 2020 are based on the analyses of recent statistical data [22] .
Assumption for the year 2020:
À The number of people using public transport will increase by 40,000. À The number of people walking or cycling instead of short distance driving will increase by 30,000.
Advancement of vehicle equipment
The considered measures under this mitigation strategy include using low viscosity lubricant instead of conventional lubricant and using low rolling resistance tires instead of conventional tires.
Input data for these two measures are shown in Table 4 . Michelin and Goodyear tires with low resistance and Shell low viscosity lubricant are considered. The advanced vehicle equipment would reduce the fuel consumption by 1.6% in case of low rolling resistance tires and by 4.6% in case of low viscosity lubricant.
The assumed breakthrough rates of these measures in the year 2020 are based on the analyses of the recent statistical and customs data and surveys of market for tires and lubricants.
À 300,000 cars will use low resistance tires. À 300,000 cars will use low viscosity lubricant.
Improvement of driver behaviour
This strategy includes awareness raising campaigns aimed at improving the driver behaviour which considerably affects fuel economy. The campaigns should reach out to the drivers, making them aware about the following:
À Air conditioning in vehicles can increase fuel consumption by 8%. À Quick acceleration and heavy braking can reduce fuel economy by up to 33% on the highway and 5% around town. À Idling consumes fuel, so it is better to turn off the engine if waiting for more than one minute. This can reduce the consumption by 3%. À Driving with 80 km/h instead of 110 km/h can reduce fuel consumption by 30%.
À Driving on tires with air pressure at 50 kPa (0.5 kg/cm 2 )
below the recommended pressure decreases fuel efficiency by 2% and 4% in urban and suburban areas respectively.
On the bases of the costs for similar campaigns undertaken by the Government in recent years, it is assumed that 200,000 US$ will be spent every year on awareness raising campaigns aimed at improvement of driver behaviour.
Assumption for the year 2020:
À The overall fuel consumption will be reduced by 1%.
Results

Marginal abatement cost curve
The results obtained for specific costs and volume of reduction of CO 2 emissions for each of the mitigation measures are presented in a form of MAC (Marginal Abatement Cost) curve (Fig. 8) . The measures are introduced in the curve according to their costeffectiveness (the option with the smallest specific costs is introduced first on the left side of the curve).
Although environmental and economic effectiveness for each of the measures were calculated separately, in order to facilitate the prioritization of the mitigation efforts the results are presented at the level of mitigation strategy. Hence, in Table 5 , the results including specific costs and volume of reduction of CO 2 emissions and the assumed penetration rate of the technology/practice in 2020 for each mitigation strategy (4.1e4.5) are presented. The corresponding MAC curve is shown in Fig. 9 .
The reduction cost in 2020 varies in the range from À625 to 98 US$/t CO 2 . The total achievable reduction (if all considered options are implemented with the assumed breakthrough rate) in 2020 is estimated to be 0.45 Mt CO 2 , or 22% of the 2020 BAU emissions (2 Mt CO 2 ). "Introduction of low carbon fuels" has the greatest contribution to CO 2 emission reduction with annual reduction of 0.26 Mt CO 2 , followed by "improvement of vehicle fleet" with annual reduction of 0.12 Mt CO 2 .
The most cost effective mitigation strategy appears to be "improvement of driver behaviour", followed by "improvement of travel behaviour" and "advancement of vehicle equipment". These three strategies are of winewin type (with negative specific costs). On the other hand, mitigation strategies with relatively high marginal costs are "introduction of low carbon fuels" and 'improvement of vehicles fleet".
Sensitivity analyses
A study on the marginal abatement costs in the UK transport sector [41] has shown that earlier efforts and expectations about future carbon policies have a noticeable influence on abatement costs and in general, on the shape and structure of a static MAC curve.
In Macedonian conditions, the most pronounced influence could be related to the LPG taxation policy, as well as to the level of market penetration of CNG (Compressed Natural Gas). The current LPG tax in Macedonia is 80 V per 1000 kg [42] , while the taxes for other fuels are the same as in the EU. According to the recently proposed EU legislation, the LPG tax will increase from current 125 V per 1000 kg to 500 V per 1000 kg [43] . The calculations conducted with the highest EU tax have shown significant decrease in the economic effectiveness of the mitigation strategy "improvement of vehicles fleet", since the corresponding figure rises from 98 to 164 US$/t CO 2 .
Other source of uncertainty is the extent to which the CNG will be used to support the decarbonization in the case of gasoline. The utilization of CNG considerably varies among EU countries. Italy and Bulgaria have the highest CNG share in road transport fuel consumption of around 2.5%. During the period from 2000 to 2010 the number of CNG vehicles in Italy increased from 320,000 to 730,000 vehicles, while in Spain from 912 to 2539 vehicles [44] . At the moment, in Macedonia there are only three CNG stations e one located on the Corridor 10, near Kumanovo (MAKPETROL "mother" station), other in Skopje (settlement Vlae) (MAKPETROL "daughter" station), and the third one belongs to the Public Transport Enterprise JSP. The current price of CNG is 1.35 US$/kg and the cost of installation of CNG system ranges from 1800 to 2070 US$, which makes CNG option very attractive from economic point of view. Although the fuel is relatively cheap, the main problem hindering the higher utilization of CNG is the territorial coverage with CNG stations. The development of the CNG infrastructure is strongly related to the availability of natural gas, so in the situation when the network for natural gas transmission and distribution is undeveloped, the penetration of CNG is uncertain and difficult to predict. Therefore, for the time being, we just emphasize the potential of CNG for achieving GHG emission reduction at low price, which can be harnessed once the availability of natural gas is ensured.
If Macedonia follows the Bulgarian or Italian example, the number of CNG vehicles in 2020 will reach 20,000, which implies that 5% of ethanol will be replaced with CNG. Since introduction of CNG is a winewin measure, it will considerably improve the economic effectiveness of the strategy "introduction of low carbon fuels", reducing the specific costs from 91 to 72 US$/t CO 2 . The total achievable emission reduction will decrease from 22% to 21% because of the higher CNG emission factor.
Discussion
Prioritization of the mitigation strategies
The analytical work delivered two parameters for each mitigation strategy e environmental effectiveness and economic effectiveness, which serve well in addressing the environmental and economic aspects of the mitigation efforts. Although highly important, these two dimensions are not sufficient for comprehensive evaluation, which, as recommended in Ref. [45] , is the key to identifying truly optimal solutions to transport problems. Indeed, to better inform policy and strategic action it is critical to explore and evaluate the feasibility of the mitigation strategy, since there might be cases when mitigation efforts with high economic and/or environmental performance cannot be realized due to country-specific barriers, be they financial, institutional, legislative, administrative or technical ones (infrastructures and supply chain gaps, involvement of many stakeholders with different interests, as well as, lack of relevant data, studies and knowledge in general). Furthermore, in light of the MRV as an essential element of NAMAs (Nationally Appropriate Mitigation Actions), measurability of the achieved emissions reductions should act as a partial determinant of the policy decisions that are guided and bolstered by the mitigation achievements (including policy decisions for appropriate country-specific emission reduction/limitation targets). Moreover, associating measurement methodologies to the mitigation action will open possibilities for linking the national mitigation actions to international support (which is among the topics of the international negotiations about the future of the climate regime).
Finally, it is becoming clear that co-benefits can help to make the economic case for climate change mitigation measures. Hence, the majority of the co-benefits associated with climate change mitigation strategies for the transport are directly related to human health, including:
À improved air quality due to reduced emissions of air pollutants from transport À increase in the amount of physical exercise carried out by the population in general due to a shift to non-motorised transport modes (cycling and walking) À reductions in the number and/or severity of traffic accidents À reduced ambient noise levels due to quieter low carbon vehicles À indirect effects related to the life cycle effects of vehicles, energy carriers or infrastructure.
Other co-benefits associated with climate change mitigation strategies, particularly with the reinforcement of low carbon fuels, include diversification of income in rural areas and creation of new jobs.
In the next phase, a thematic workshop was organized aimed at prioritization of the mitigation strategies applying a participatory approach. The workshop created an environment of dialogue and cooperation among a range of transport stakeholders in the articulation of their views and perspectives about the priorities of the national transport policy, accountable also for climate change mitigation. Firstly, the participants of the workshop were asked to present their opinion about the importance of the following criteria, which are to be applied in the subsequent phase of the mitigation strategies evaluation:
À economic effectiveness (price of reduction) À environmental effectiveness (volume of reduction) À feasibility (difficulty of implementation) À measurability (difficulty of measuring and verification of the achieved emissions reductions) À co-benefits (health benefits, diversification of income, new jobs, life quality).
The results of the criteria weighing exercise, according to the workshop participants, show that all the criteria are almost equally important (with relatively close weight). Still, the participants assigned "feasibility" as the strongest determinant of the "quality" of the mitigation strategy, followed by the economic effectiveness and environmental effectiveness.
Once the criteria and their weights were set, the participants were asked to evaluate each of the five mitigation strategies with marks 1 (lowest) to 5 (highest) against each criterion. The analytical phase of this assignment provided quantified values for the first two criteria (environmental effectiveness and economic effectiveness), so the evaluation according to these two criteria was straightforward. With regards to the remaining three criteria the participants performed the evaluation on the basis of their personal understanding and knowledge.
Owing to its highest environmental effectiveness, considerable health and socio-economic co-benefits and relatively good measurability and feasibility, the introduction of low carbon fuels is the wining mitigation strategy in the transport sector. This is also inline with the EU target for the share of biofuels in total energy consumption of the transport sector.
Definitely, the lowest specific cost (or highest economic effectiveness) accompanied with easiness of implementation was the decisive factor for the second score of the improvement of driver behaviour. However, the achieved emission reduction is difficult, if not impossible, to measure. For the same reasons plus the associated health co-benefits, the improvement of travel behaviour took the third place in the ranking list. Quantification and measurement is a pressing problem relevant for this mitigation strategy also.
Although with relatively high environmental effectiveness and specific costs similar to the ones of the introduction of low carbon fuels, the improvement of vehicle fleet took the lower part of the ranking list. The possible reasons should be looked at the decisionmaking at car-owner level, thus making harmonized action difficult to implement, as well as at the fact that the investment comes from the family budget, which directly affects the decision about purchasing a new vehicle. The measurability of the achieved emissions reductions could be an issue since detailed and disaggregated data are needed about the vehicles, fuel consumption, and kilometres passed.
Finally, the last on the ranking list is the mitigation strategy related to advancement of vehicle equipment. This can be explained with the moderate or low scores of this strategy against all criteria. Again, the measurability of the achieved reductions is a pressing problem, since it is difficult to record the individual actions along this mitigation strategy.
Policy recommendations
Achieving reductions in road transport GHG emissions will require a broad policy response. The national road transport mitigation strategies prioritized by transport sector stakeholders taking into account their economic effectiveness, environmental effectiveness, feasibility, measurability and co-benefits include:
À priority 1: Introduction of low carbon fuels À priority 2: Improvement of driver behaviour À priority 3: Improvement of travel behaviour À priority 4: Improvement of vehicle fleet À priority 5: Advancement of vehicle equipment.
Introduction of low carbon fuels
According to Ref. [46] it is necessary for the Government to adopt a Rulebook on the manner of securing relevant share of biofuels in the total energy consumption in transport. It is recommended to do this by putting the blends into market circulation under clearly defined dynamics aimed to increase share of biofuels, initially with diesel fuels, and later with petrol fuels as well. For that purpose, measures are needed by which the State will promote the use of blends with biofuels without significant increase of fuel prices (by reducing the excise on biofuels and by introducing increased excise for oil derivatives not used in transport). In addition, as part of the program on agricultural development, it is necessary to stimulate the production of domestic raw materials for biofuels by supporting producers of biofuels to invest in agricultural production of raw materials, guaranteed purchase, favourable crediting lines, etc.
The CNG has a considerable potential for reduction of GHG emissions at low (even negative) costs. However, the higher utilization is conditioned by gasification of the country. Some examples of CNG support include: Italy e grants of up to 2000 V to purchase new CNG vehicle and grants of up to 650 V for converting a vehicle (until 2009) [44] ; Spain e grants of up to 2000 V for new buses or refuse trucks, lower tax on natural gas as vehicle fuel (approx. 6.5 times lower than diesel), and grants of up to 60,000 V for filling stations.
Improvement of driver behaviour
Minimizing unnecessary braking (for instance, by not tailgating), observing the speed limit, anticipating the actions of other drivers, and avoiding excessively rapid acceleration can increase kilometres per litter by a few percent over normal driving behaviour. Studies of programs to promote these behaviours, however, have found that it is difficult to sustain the gains without regular awareness raising campaigns and driver training.
Improvement of travel behaviour
This strategy includes more actions aimed at promotion of more sustainable modes of transport and travel behaviour. The implementation of some of these measures requires big investments and must be part of greater national projects. In this study we considered using public transport instead of a car and cycling and walking instead of driving. This will be facilitated by:
À Renewal of public transport bus fleet in order to increase the use of public transport. À Promotion of greater use of bicycle. This measure includes investments in the bicycle network infrastructure, as well as a public campaign for greater bicycle use.
Furthermore, this mitigation strategy should also include the following measures, which are considered in Ref. [47] as well:
À Introduction of tramway in Skopje. The benefits of new public transport fleet for the city of Skopje and its citizens are numerous and valuable. The greater energy efficiency and the lower pollution of the environment are just a small part of the total benefits, the detailed analysis of which is out of scope of this report. À Introduction of integrated traffic management centre, in particular within the centre city of Skopje (the small and the big ring). À Parking policy. The aim of this measure is to discourage the use of automobiles in the cities. Therefore, the implementation of this measure (paid parking) should result in positive financial effects for both: the cities (increased local budget) and for the government (reduced fuel consumption). The city of Skopje has already introduced the concept of zone parking in the centre city. It is implemented by the local public company for parking. À Car-free days. The implementation of this measure includes the public campaign through media (TV, radio, posters, etc.). À Promotion of greater use of railway for intercity travel. The improvement of the railway infrastructure in Macedonia is a capital undertaking that includes huge investments. However it is expected, within this measure, to increase the railway intercity passenger ridership by improvement of rail timetables e better service suited to the passenger needs, and by public campaign.
Improvement of vehicle fleet
As recommended in Ref. [47] , the promotion and support of this measure should be achieved through regulatory and fiscal measures implemented by the government. The possible policy measures can be aimed at achieving incentives for purchasing and using clean and energy efficient cars. Hence, the first group of policy measures may include various schemes, such as:
À Reduction of taxes for the purchase of new clean and energy efficient cars and keeping the same existing costs for other cars. À Reduction of taxes for the purchase of new clean and energy efficient vehicles and increasing the taxes for other cars. À Provision of bank credits with lower interest rates, if a new clean and energy efficient car is purchased. The difference from commercial rates can be covered by the government, but also other financial arrangements can be made between the government and the commercial banks.
The second group of policy measures includes schemes such as:
À Lower costs for vehicle registration for clean and energy efficient cars À Lower costs for parking in the centre of the city for clean and energy efficient cars À Lower ecological tax and tax on property (if there is any) for clean and energy efficient cars.
Advancement of vehicle equipment
This strategy is aimed at promoting the utilization of advanced equipment (i.e. low resistance tires and low viscosity lubricant) which can considerably contribute to fuel economy improvement. Furthermore, it is possible to reduce the fuel consumption by another few percent via optimal vehicle maintenance. Here again, regular awareness raising campaigns and driver training are crucial factors of success.
Conclusion
The analytical framework for assessment of climate change mitigation potential for transport sector in developing countries is adapted in order to incorporate the expected increase in vehicle fleet with used vehicles, and then used on the case of Macedonian transport sector. The main findings of study can be summarized as follows:
À The total achievable reduction in the transport sector (if all considered mitigation strategies are implemented with the assumed breakthrough rate) in 2020 is estimated to be 0.45 Mt CO 2 , or 22% of the BAU emissions. À Three of the five mitigation strategies are of negative costs (winewin type) although with relatively low environmental effectiveness: 4% of the achievable reduction can be realized at negative costs. These strategies include improvement of driver behaviour, improvement of travel behaviour and advancement of vehicle equipment. À The bulk of the achievable emission reduction can be realized at relatively high specific costs (around 90 US$/t CO 2 ). À The highest environmental effectiveness is associated with the introduction of low-carbon fuels (0.25 Mt CO 2 ), which is more than half of the total achievable emission reduction. À The highest economic effectiveness is associated with the raising awareness campaigns aimed at improvement of driver behaviour (À625 US$/t CO 2 ).
These figures are indicative and depend strongly on the assumptions. Therefore, it is very important to revisit the assumptions at regular intervals and incorporate into this framework the new learning and data obtained with time.
Achieving reductions in road transport GHG emissions will require a broad policy response, as comprehensively elaborated in Section 5.2.
Similarly to recommendations for further research from Refs. [48, 49] , in Macedonian conditions, the follow-up modelling should be focused on the relationship between transport, energy, land use, and emissions. In addition, flexible integrated assessment tools should be applied in order to assess a range of scenarios and evaluate the effect of different policies, including those for climate change mitigation.
